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Larvae of the lotic caddisﬂy genus Hydropsyche may occur in densities of thousands to several tens of thousands of
individuals/m2 across continents and running water types. Therefore, stream ecologists frequently face the task of
identifying larvae of this genus. Early keys to larval Hydropsyche of Asia, Europe and North America often used the
relatively complicated frontoclypeal colour pattern for species discrimination, whereas equivocal views about the
variation of this pattern limited its use in recent keys. Has each species of a given species group a different (although
intraspeciﬁcally variable) basic pattern of lighter spots on the darker frontoclypeus, or have all species of a group the
same basic colour pattern that varies more or less intraspeciﬁcally? An answer to this question has obvious
implications for the identiﬁcation of the species as well as for the phylogeny of the genus, so we examined the variation
of this colour pattern across 11,000 specimens of 10 Hydropsyche species from the Loire River (France).
All 10 species had the same basic colour pattern on the frontoclypeus (six contrasting light patches on a dark
background) that varied intraspeciﬁcally across a certain range of colour contrasts. Comparing other sources
illustrating the frontoclypeus of Hydropsyche larvae provided more support for the idea that six contrasting light
patches on the frontoclypeus is the typical basic colour pattern that varies within almost all European species; males of
these species have a simple phallus form. Two European and many North American species of the genus (from the
Ceratopsyche group) have a different basic colour pattern of seven light patches on the frontoclypeus that varies also
intraspeciﬁcally; males of these species have a complicated phallus form.
If the variation of such colour patterns in co-existing populations of several species is known, the relative contrast
differences among the individual patches on the frontoclypeus and the form of the individual patches can provide
valuable information for rapid species identiﬁcation. Analysis of this variation may also contribute to phylogenetic
studies of the genus Hydropsyche and other hydropsychids.
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Larvae of the caddisﬂy genus Hydropsyche are often a
dominant component of the lotic macroinvertebrate
benthos (e.g. Yan and Li, 2007; Sagnes et al., 2008)
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several tens of thousands of individuals/m2 across
continents and running water types (e.g. Tanida, 1980;
Pan and Lowe, 1995; Statzner et al., 1999; Poepperl,
2000). Consequently, stream ecologists frequently face
the task of identifying larvae of this genus at the species
level, particularly when applying various methodologi-
cal approaches to assess the ecological quality of water
bodies in Europe or North America (e.g. Waringer et al.,
2008).
Given that the larval frontoclypeus of many Hydro-
psyche species has a relatively complicated colour
pattern, early keys to the last larval instars of Asia,
Europe and North America often used this character for
species discrimination (e.g. Lepneva, 1970; Sedla´k, 1971;
Verneaux and Faessel, 1976; Schuster and Etnier, 1978).
However, it was soon understood that larval colour
patterns were not entirely reliable for species identiﬁca-
tions. Therefore, Badcock (1976) called for the use of
reliable morphological features as well as colour
patterns and implied that one must be aware of
environmentally induced variation of larval characters
in Hydropsyche. Correspondingly, more recent keys to
the larvae of the genus relied increasingly on other
morphological features (e.g. Edington and Hildrew,
1981; Schefter and Wiggins, 1986; Schmude and
Hilsenhoff, 1986; Pitsch, 1993; Waringer and Graf,
1997; Neu and Tobias, 2004; Higler, 2005). Despite this
changing emphasis in the characters used for the
identiﬁcation of Hydropsyche larvae, the frontoclypeal
colour pattern could be a useful character that could
enable a ﬁrst, tentative species assignment when
identifying numerous larvae from a given locality.
For the purpose of identiﬁcation, one has to be
familiar with the variations of colour patterns, which
has been subject to more than one interpretation.
According to Pitsch (1993), each Mid-European species
has a different basic pattern of lighter patches on the
darker frontoclypeus. For him, the individuals of a
species vary in the colour contrast of this basic pattern
[the background colour of the frontoclypeus is lighter or
darker, see Guinand et al., (1997), for a well-documented
example], while the basic pattern typical for each species
remains the same. Thus, according to Pitsch, the basic
patterns vary interspeciﬁcally.
An alternative interpretation of the frontoclypeus
colouration is that a given group of Hydropsyche species
has the same basic pattern (no interspeciﬁc variation)
that varies more or less intraspeciﬁcally. According to
Schuster and Etnier (1978) and particularly to Schefter
and Wiggins (1986), larvae of many North American
species of the H. morosa group (also known as genus
Ceratopsyche or as subgenus Ceratopsyche of the
genus Symphitopsyche or Hydropsyche; e.g. Schuster,
1984; Schefter et al., 1986) have the same basic colour
pattern on the frontoclypeus (seven contrasting lightpatches, so-called ‘‘checkerboard’’). For them, this basic
pattern is modiﬁed intraspeciﬁcally and thus varies
regionally or within populations. Likewise, illustrating
examples from Sicily and the Italian Peninsular, De
Pietro (1999) noted that last instar larvae of different
Hydropsyche species usually have a basic frontoclypeal
colour pattern with either six or eight lighter patches
that may be more or less distinct and completely or
partly merged.
These differing views about the colour patterns on the
frontoclypeus of larval Hydropsyche have obvious
implications for the identiﬁcation of the species as well
as for the phylogeny of the genus. Interspeciﬁc
differences in the basic colour patterns (that vary
intraspeciﬁcally) would facilitate species identiﬁcation
but would not necessarily indicate monophyly of a given
species group of the genus (9 or 10 species groups in the
genus Hydropsyche have been discussed; Schefter and
Wiggins, 1986). In contrast, interspeciﬁc constancy in
the basic colour pattern (that varies more or less
intraspeciﬁcally) would make species identiﬁcation more
difﬁcult, but would provide an argument for potential
monophyly of a given species group.
To assess these divergent views about these colour
patterns obviously requires the examination of many
individuals. Being involved in ecological and phyloge-
netic studies of Hydropsyche of the Loire River
(France), we had the opportunity to examine 11,000
specimens from 10 species. Here, we communicate a few
examples of intraspeciﬁc ranges of variability of the
frontoclypeal colour pattern in specimens collected
along shorter sections of the Loire.Material and methods
To obtain material for studies on the long-term
persistence of Hydropsyche populations along the river,
on the phylogeny of the genus and on its pupal case
biology, the entire Loire was sampled during two
periods in 2005: at the end of May/beginning of June
in its middle and lower section (4220 km distance from
the source) and at the end of June/beginning of July in
its upper section (o220 km). At these occasions, we re-
visited the same 38 sites included in the longitudinal
invertebrate assessment by Ivol et al. (1997) in the early
1990s, sampled them when hydropsychid habitat was
accessible in the river and added one site in the Upper
Loire. We sampled both larvae and pupae of hydro-
psychids by collecting typically larger stones (rarely
larger woody debris) in strong currents (the typical
hydropsychid habitat in the Loire) for 20min with
four hands. We brushed the larvae from the stones
and cut the silk of the pupal cases attaching them to
the stones using sharp, thin knives. We added ethanol to
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the samples and added ethanol (95%) once more to
them. During 2005/2006, we processed selected samples
from this campaign, noticing that upstream samples had
few pupae in relation to the larvae. Therefore, we re-
visited 13 upstream sites (and added three more
upstream sites) at the end of July 2006. At this occasion,
six hands sampled only hydropsychid pupae (using the
same technique as 2005) until we had 100 pupae per
site or until all hydropsychid habitats of a site were
sampled.
The overall material sampled in these campaigns
corresponded to 9000 larvae and 2500 pupae of 10
species, but the number of individuals available per
species varied considerably (Table 1). These were
identiﬁed using larval keys (also for immature pupae,
based on their larval exuviae) by Pitsch (1993), Waringer
and Graf (1997), Neu and Tobias (2004) and Higler
(2005), or, if mature pupae (with well-developed
genitalia) were available, the adult key by Neu and
Tobias (2004) was used. The latter was not possible for
rare species.
To illustrate variation of the colour pattern on the
larval frontoclypeus within the Loire species, we
focussed on differences within populations and selected
specimens from the same location or from neighbouring
locations (17 km distant) for each of four species. We
embedded individual heads of the last larval instar
(instar V) in glycerine, illuminated them from above
(with two light sources, avoiding reﬂections) and
photographed them with a digital camera through a
stereomicroscope (Olympus SZX9). We avoided editing
the contrasts of the images to illustrate the colour
patterns in a replicated manner for all photographs. The
only editing of the images concerned minor re-scaling
of their size within a given species (to level minorTable 1. Number of Hydropsyche larvae and pupae from the
Loire that were identiﬁed as species (in addition, the material
included 711 ﬁrst instar larvae that could not be identiﬁed as
species)
Species Larvae Pupae
H. angustipennis 24 10
H. bulgaromanorum 110 43
H. contubernalis 2661 274
H. dinarica 102 19
H. exocellata 3315 1542
H. incognita 1010 407
H. instabilis 31 39
H. ornatula 22 11
H. siltalai 1396 285
H. sp.a 2 2
P
8673
P
2632
aLikely H. pellucidula.intraspeciﬁc size differences, we used an average scale
for all specimens of an illustrated species).Results
The species with the greatest variability of the
frontoclypeal colour pattern was H. incognita (Fig. 1).
The darkest larvae had two distinct lighter lateral
patches and three less distinct patches posterior of
them. These posterior patches were more distinct in
slightly lighter larvae. In even lighter larvae, one
additional anterior patch was visible. With further
decreasing darkness of the frontoclypeus, the size of
the six lighter patches increased and the patches merged
into one large area in the lightest larvae (Fig. 1).
Illustrating the colour pattern range on the fronto-
clypeus for three other species from the Loire (Fig. 2)
enabled us to demonstrate the variation of the same
basic colour pattern. Like the darkest H. incognita, the
darkest H. dinarica had two distinct lighter lateral
patches and three almost invisible patches posterior of
them (Fig. 2). All six lighter patches were visible in
intermediate larvae of H. dinarica, which in the lightest
specimens merged into one anterior and one posterior
patch. In contrast to H. incognita, we found no
H. dinarica larvae with all six patches merged into
one big area. In the darkest H. siltalai, the two pairs of
lateral patches were clearly more distinct than the
anterior and posterior median patch (Fig. 2). In lighter
H. siltalai, the posterior lateral patches and the posterior
median patch were merged into one area, whereas the
anterior three patches were often still separated. In even
lighter larvae, the three anterior patches were also merged
and nearly merged with the three posterior patches.
Finally, in the darkest larvae of H. contubernalis, the
three anterior and the three posterior patches were
merged, although the identity of the individual patches
was still recognizable (Fig. 2). The colour pattern of
intermediate larvae of H. contubernalis was similar
(although not identical) to that of the lightest
H. incognita. In the lightest H. contubernalis, the contrast
between the otherwise dark and light areas on the
frontoclypeus was so weak that the colour pattern was
barely perceptible.
The intraspeciﬁc range of the colour patterns illu-
strated in Figs. 1 and 2 for selected specimens from the
same location or from neighbouring locations was
representative for the intraspeciﬁc pattern range ob-
served at other locations of the Loire. Furthermore,
larvae of the other six Hydropsyche species of the Loire
had a range in the contrast between the six light patches
and the dark frontoclypeal background that corre-
sponded to the entire range illustrated in Figs. 1 and 2
(e.g. H. instabilis was typically darker, whereas
H. exocellata was typically lighter, but specimens of
ARTICLE IN PRESS
Fig. 1. Range of the colour pattern on the frontoclypeus across 353 H. incognita larvae from the Loire at Beauzac. Note that the
scale indicates the average for all illustrated larvae (we slightly re-scaled the images to level minor intraspeciﬁc size differences).
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from dark to light).
Discussion
The examination of 11,000 larvae and pupae from
the Loire provided support for the idea of Schuster and
Etnier (1978), Schefter and Wiggins (1986) and De
Pietro (1999) about colour patterns in the genus
Hydropsyche: the 10 species of this genus occurring in
the Loire have the same basic colour pattern on the
frontoclypeus (six contrasting light patches) that is
intraspeciﬁcally modiﬁed across a certain range of
colour contrasts. Other sources illustrating the fronto-
clypeus of Hydropsyche provided more support for the
idea that six contrasting light patches on the frontocly-
peus (Fig. 3) is the basic colour pattern that is more or
less modiﬁed within almost all Mid-European species:
67 drawings and photographs of 16 Mid-European
species in Pitsch (1993); 48 photographs of 17 species
from Germany in Neu and Tobias (2004); 22 photo-
graphs of six species from the upper Rhoˆne in Bournaud
et al. (1982); 20 photographs of seven species from
former Czechoslovakia in Sedla´k (1971); 12 photo-
graphs of 11 species from Austria in Waringer and Graf
(1997); and six drawings of six species from theNetherlands in Higler (2005). Beyond Mid-Europe, the
six-patch colour pattern is typical in many other
European areas [for Mid-European species as well as
for other species of the genus: see illustrations from the
European part of the former USSR (Lepneva, 1970); the
British Isles (Edington and Hildrew, 1981); the Iberian
Peninsula (Zamora-Munoz et al., 1995); and Sicily and
the Italian Peninsula (De Pietro, 1999)].
The only described Mid-European larva that differs in
the basic colour pattern on the frontoclypeus from all
other Mid-European species of the genus is H. silfvenii,
which has an additional seventh light median patch
between the anterior and posterior median patch of the
six-patch pattern (Fig. 3; see illustrations in Sedla´k,
1971; Pitsch, 1993; Waringer and Graf, 1997; Neu and
Tobias, 2004). Similarly, the larva of H. nevae, a species
occurring from North Scandinavia to Kamchatka, has
an additional median seventh patch on the frontocly-
peus (Lepneva, 1970). Among the North American
species of the Ceratopsyche group, many larvae have a
similar basic seven-patch pattern on the frontoclypeus
(six out of 14 species according to Schuster and Etnier,
1978, and 10 out of 21 species according to Schefter and
Wiggins, 1986). However, assuming that the intraspe-
ciﬁc variability of this colour pattern in these North
American species is as great as in the European species,
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Fig. 2. Range of the colour pattern on the frontoclypeus across 90 H. dinarica larvae from the Loire at Cagnard (communal area of
Sainte Eulalie), 255 H. siltalai larvae at Usclades and 197 H. contubernalis larvae at Gien and Sully sur Loire. See Fig. 1 for further
details.
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illustrated by Schuster and Etnier (1978) and Schefter
and Wiggins (1986) have a colour pattern on the
frontoclypeus that can be interpreted as a variation
(through more or less contrast between light patches and
the darker background) of the seven-patch pattern.
The fact that different groups of Hydropsyche have
different group-speciﬁc basic frontoclypeal colour pat-terns that vary within the species of each group does not
imply that these patterns are useless for identiﬁcations.
If the variation of a basic pattern in co-existing
populations of several species of a species group is
known, the relative differences in the contrast among
the individual patches on the frontoclypeus and the
form of the individual patches provide valuable in-
formation for rapid species identiﬁcations (particularly
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Fig. 3. Basic colour pattern of lighter patches on the dark
frontoclypeus of larval Hydropsychemodiﬁed within almost all
Mid-European species (six-patch pattern) or in one Mid-
European (H. silfvenii), one North-European (H. nevae) and
many North American species (seven-patch or ‘‘checkerboard’’
pattern; see text for details).
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among the pieces of the larval exuvia). For example, the
colour patterns of the darkest as well as of the lightest
individuals of all four species shown in Figs. 1 and 2 are
distinct from each other, and intermediate forms
between these extremes can also be sorted out to species.
In addition, the fact that different groups of Hydro-
psyche have different group-speciﬁc basic colour pat-
terns on the frontoclypeus may have implications for the
phylogeny of the genus. Males of the two European
species (H. silfvenii andH. nevae) having the seven-patch
frontoclypeal colour pattern as larvae have also a rather
complicated phallus (e.g. Malicky, 1983), whereas males
of the European species with the six-patch pattern in
the larvae have a similar, but less complicated phallus
(e.g. Malicky, 1983). Because of these differences of the
phallus forms, Nielsen (1981) raised the species with the
complicated phallus (H. silfvenii, H. nevae and many of
the North American species) from subgenus level to the
genus Ceratopsyche (recall that the North American
larvae of this group have also the seven-patch fronto-
clypeal colour pattern). Thus, group-speciﬁc phallus
forms and larval colour patterns are congruent with
monophyly of the two groups, suggesting that the
frontoclypeal colour pattern, in addition to other
morphological, biological and genetic characters (e.g.
Schuster, 1984; Geraci et al., 2005; Schefter, 2005), can
contribute to future phylogenetic studies of the family.Acknowledgements
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